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(71) We, COAL INDUSTRY 
(PATENTS) LIMITED, a company 
organised in accordance with the laws of 
Great Britain of Hobart House, Grosvenor 

5 Place, London, S.W.I. 7AE England, do here- 
by declare the invention, for which we pray 
that a patent may be granted to us, and the 
method by which it is to be performed, to 
be particularly described in and by the fol~ 

10 lowing statement: — 

This invention relates to carbon artifacts. 
In particular it relates to carbon artifacts for 
use as electrodes. 
The invention comprises a method of manu- 

15 facturing a shaped artifact fox use as an elec- 
trode comprising mixing together calcined 
coke grist produced from a solution or ex- 
tract of coal, between 1% and 40% by weight 
of the coke grist of carbon fibres, and a 

20 carbonisabb binder at such a temperature 
that the binder is liquid, whereby the carbon 
fibres are randomly dispersed, shaping the 
mixture into an artifact and carbonising the 
binder in the shaped artifact whereby a car- 

25 bon artifact is formed. Preferably less than 
10% by weight of carbon fibres is employed. 
The invention further comprises a carbon arti- 
fact so made for use as an electrode com- 
prising a graphite or graphitisable carbon 

30 matrix in which a calcined coke grist and 
between 1% and 40%, preferably less man 
10%, of carbon fibres are set. 

Calcined coke grist is manufactured by 
coking the solution or extract of coal, which 

35 is preferably liquid at the coking temperature 
thereof. The coke so formed is then broken 
up and calcined at an elevated temperature 
such that, and for such time that, the volatile 
or volatilisable matter in the coke is removed. 

40 Such temperatures are generally of the order 
of 1200°C to 1800°C. The calcined cote is 
then ground to produce the calcined coke 
grist 

The carbonisable binders that are generally 
45 employed comprise materials that are liquid 



so that the artifact may be moulded but which 
can be coked or carbonised to form a material 
consisting essentially of carbon. In general, 
materials having a softening point of between 
100°C and 140°C are used. 50 

The materials generally employed as car- 
bonisable binders are electrode binder pitches, 
which are usually coal tar pitches, but may be 
petroleum pitches or bitumens. Alternatively, 
solutions or extracts of coal may be employed 55 
as carbonisable binders. The amo unt of bin- 
der that is employed is not critical for this in- 
vention. In general, just sufficient binder 
should be used to enable the artifact to be 
shaped. A substantial excess of binder is not 60 
desirable. As a general guide, between 20% 
and 35% by weight of the binder may be 
employed, based on the weight of the shaped 
mixture. 

The calcined coke grist may first be mixed 65 
with, the carbonisable binder as above, gener- 
ally about 40 deg.C above the softening point 
of the binder. The mixture may advan- 
tageously then be cooled, and, when solid re- 
ground to separate the coated and partially 70 
impregnated electrode coke grist particles. Car- 
bon fibres, having suitable short lengths, for 
example 6 mm. long, are added and mixed in, 
in such a manner that the fibres are not 
seriously damaged. The mixture is then 75 
heated and extruded through a die typically 
at about 20 deg. C above the softening point 
of the binder. The extrusion or other shap- 
ing of the artifact may tend partially to align 
the fibres. 80 

The carbon fibres may alternatively be 
added to the cokable feed stock for manu- 
facturing the calcined coke grist so that the 
coke forms around the carbon fibres. If this 
is carried out the coke particles are rein- 85 
forced by the carbon fibres. If this method is 
is adopted it may then be necessary to add 
further coke grist, to which carbon fibres have 
not been added during the manuf acture there- 
of, or additional carbon fibres, to the mixture. 90 
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As a further alternative, the caibonisable 
binder, the calcined coke grist and the car- 
bon fibres are mixed together in a single 
operation. In this further alternative, water 
may be added together with a small quantity 
of wetting agent. 4 
Advantageously, the carbon fibres are those 
made from a solution or extract of coal, eg. 
by methods described in British Patent 
1315,940. The carbon fibres may optionally 
have been graphitised before their incor- 
poration into the matrix, and it is to be 
understood that graphitised carbon fibres are, 
in this specification, included in the term 
"carbon Owes". Particularly useful materials 
suitable for use as the caibonisable binder 
are solutions or extracts of coaL 

If the carbon fibres are manufactured 
from a solution or extract of coal, it is be- 
lieved that this will result in the produc- 
tion of an electrode which may be stronger, 
and have improved thermal properties. It 
will be understood that it is not necessarily 
appropriate to use the same solution or 
extract of coal for the preparation of all 
three materials. However, the similarity of 
solutions or extracts of coal is such that men- 
use is particularly advantageous for all three 
materials and may produce a stronger arti- 
fact having relatively optimised properties. 

The carbonised electrode is manufactured 
from the shaped product by heating the 
shaped product until the binder matrix is 
carbonised, for example by heating it slowly 
in an inert atmosphere at up to about 100°C 
For the manufacture of electrodes it is gener- 
ally required that the carbon should be 
in the form of graphite. The carbonised 
artifact is heated to a graphitising tempera- 
ture, generally in the region of 2200°C to 
2800°C preferably above 2700°C, in order 
tt> convert the carbon into graphite. 

The following non-limitative examples 
illustrate the invention. The softening points 
of the electrode binder pitches were deter- 
mined using the Ring and Ball method. 

Example 1 
12 g of carbon fibre, cut into 6 nun, 
* lengths, was placed in a double sigma 
50 bladed mixer together with 150 g electrode 
binder pitch (softening point 104°C) that had 
been ground to pass a 212 um mesh. After 
mixing for 30 minutes, 438 g calcined elec- 
' trode coke, ground so that 50% by weight 
55 passed through a 75 um mesh, was added. 
Mixing was continued for a further 30 
minutes at room temperature, for 30 
minutes whilst the temperature was raised 
to 140°C and for 45 minutes at 140°C 
60 Hie hot mix was transferred to an extru- 
sion press heated to 125°C. Green artifacts 
were extruded from a 15 mm Hm™^?- die 
using a driving force of 20 MN/m 2 on 
a 50 mm diameter ram. 
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The green artifacts were supported in a 65 
bed of calcined coke granules and baked, 
the temperature being increased to 200°C 
at 1 deg. C/ntin, from 200° to 550°C at 
025 deg. C/min and from 550° to 1000°C 
at 1 dee. C/min. 70 

The Baked artifacts were then graphitised 
by being further heated to 2S00°C in an 
inert atmosphere, which conditions were 
maintained for 1 h. 

The artifact had a flexural strength of 75 
28.0 MN/m 2 . The linear coefficient of ther- 
mal expansion along the artifact was 20.4 X 
10~ 7 /K. 

An artifact was made in the same way as 
the previously described artifact, omitting the 80 
carbon fibre. Its flexural strength was 24.8 
MN/m 2 and its linear coefficient of thermal 
expansion was 28.5xl0 7 /K. 

Example 2 

12 g of carbon fibre, cut ina> 6 mm 
tengths, 88 g of electrode binder pitch 
(softening point 104°C) ground to pass a 
212 can mesh, and 300 g of calcined elec- 
trode coke, ground so mat 50% by weight 
passed through a 75 um mesh, were stirred 
for 60 minutes in a bowl mixer with approxi- 
mately 2 imperial gallons of water and 0.5 
ml of a wetting agent (for example that sold 
under the trade marks of Teepol or Com- 
prox). After the mixin g, as much, as possible 
of the water was alb wed to drain to waste 
on a filter and the cake of solids was further 
dried by heating at a temperature up to 
40°C. The cake, i.e. die carbon fibre, the 
binder and the calcined coke grist, was placed 100 
in a mixer at room temperature and the 
mixing was continued for approximately 30 
minutes while the temperature was raised 
to 140°C and was tnaint nttw^ at 1400c for 
45 minutes. 

The hot mix was transferred to an extru- 
sion press heated to 125°C Green artifacts 
were extruded from a 15 mm. diameter die 
using a driving force of 20 MN/m 2 on a 
50 mm diameter ram. 

The green artifacts were supported in a 
bed of calcined coke granules and baked, the 
temperature being increased to 200°C at 1 
deg. C/min, from 200°C to 550°C at 0.25 
deg. C/min and from 550° to 1000°C at 1 
deg. C/min. 

The baked artifacts were then graphitised 
by being further heated to 2800°C in an 
inert atmosphere, which conditions were 
maintained for 1 hour. 

The linear coefficient of thermal expansion 
along the artifact was 7xlO~7K. An arti- 
fact was made in the same way from the 
same binder and coke grist as used for the 
previously described artifact, omitting the 
carbon fibre. Its linear coefficient of thermal 
expansion was 17xlO~ 7 /K. 

All proportions in the foregoing spedfr- 
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cation are by weight of the shaped mixture, 
before carbonisation. 

WHAT WE CLAIM IS:— 

1. A method Of iwaimfartiiring a S^ a p ^ d 

5 artifact for use as an electrode, the method 
comprising mixing together calcined coke 
grist produced from a solution or extract of 
coal, between 1% and 40% by weight of 
the coke grist of carbon fibies, and a car- 
lo bonisable binder at such, a temperature that 
the binder is liquid, whereby the carbon 
fibres are randomly dispersed, shaping the 
mixture frffi* a n artifact and carb on i sing the 
binder in the shaped artifact whereby a car- 
15 bon artifact is formed. 

Z A method according to claim 1 in 
.wMch less than 10% of carbon fibres is 



method according to claim 1 or 2 in 
20 which the carbon fibres are produced from 
a solution or extract of coaL 

4. A method according to any one of 
the preceding claims in which the carbonis- 
able binder is a solution or extract of coaL 
25 5. A method according to any one of 
claims 1 to 3 in which the carbonisable 
binder is an electrode binder pitch. 

6. A method according to claim 5 in 
which the electrode binder pitch is a coal 

30 tar pitch or a petroleum pitch or a bitumen. 

7. A method accordmg to any one of the 
preceding claims in which between 20% and 
35% by weight of the carbonisable binder 
is employed, based on the weight of the 

35 shaped mixture. 

8. A method according to any one of 
the preceding f^aims in which the calcined 
coke grist and the binder are first mixed 
together at a first temperature above the 

40 softening point of the binder, the first mix- 
ture is cooled and, when solid, ground, the 
carbon fibres are subsequently mixed with 
the ground mixture to provide a second mix- 
ture, and the second mixture is heated and 



extruded at a second temperature above the 45 
softening point of the binder. 

9. A method according to claim 8 in 
which the first temperature is approximately 
40 deg. C above the softening point of the 
binder, and die second temperature is 50 
approximately 20 deg. C above the soften- 
ing point of the binder. 

10. A method accordmg to any one of 
claims 1 to 7 in which the carbon fibres 

are first mixed with the solution or extract 55 
of coal for manufacturing the calcined coke 
grist, the mixture is coked whereby the coke 
is reinforced by the carbon fibres, and the 
carbonisable binder is subsequently mixed 
with the coke so reinforced. 60 

11. A method according to any one of 
claims 1 to 7 in which the carbon fibres 
are first mixed with the carbonisable binder 
and subsequently the calcined coke grist is 
added to the mixture. 65 

12. A method according to any one of 
claims 1 to 7 in which the carbonisable 
binder, the calcined coke grist and the car- 
bon fibres are mixed simultaneously. 

13. A method according to claim 12 in 70 
which water is added for the mixing of the 
carbonisable binder, the calcined coke grist 
and the carbon fibres. 

14. A method according to claim 13 in 
which a wetting agent is added during mix- 75 
ing. 

15. A method of manufacturing a shaped 
artifact for use as an electrode according to 
rltfm 1 substantially as hereinbefore des- 
cribed and with reference to Example 1 and 80 
2. 

16. A carbon artifact manufactured by a 
method as claimed in any one of the pre- 



For the Applicants, 
J. L WOOD, 
Chartered Patent Agent. 
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